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Claim 



A water-based ink composition including jS-cyclodextrin, 
coloring agent, and water as the necessary components. 



2 

Detail ed explanation of the invention 

Said invention relates to a water-based ink. More 
specifically, it relates to a water-based ink suitable for 
writing devices, stamps, recording meters, etc. 

Said inventor found that by blending 0-cyclodextrin in a 
water-based coloring solution in which coloring agent and water 
are the necessary components, it is possible to obtain a water- 
based ink which noticeably improves the affinity, namely, 
wettability for various plastic substrates, etc. Furthermore, it 
was found that said effect prevents the generation of defects 
such as show-through, blotting, etc., in the colored image with 
respect to the paper and increase in the viscosity of the ink, 
thus the ink of said invention is provided. 

The ink of the invention is a water-based ink which has the 
capability of providing clear colored images without defects, 
such as blotting, with respect to paper and plastic film, high 
degree of wettability, and superior affinity for plastic 
substrates, etc., and moreover, can realize said capability in a 
relatively low viscosity range. 

Various examinations have been conducted conventionally in 
order to provide said capability to the water-based ink but 
satisfactory performance has yet to be obtained. For example, 
adding a surfactant to the ink in order to improve the affinity 
for plastic substrates, etc., namely, wettability, is being done 
widely, but when a surfactant is added to the extent of obtaining 
the necessary wettability, there is a noticeable decrease in the 
surface tension and the following defects are generated. When 
this point is explained by giving writing devices such as felt 



pen, fountain pen, etc., as examples, show-through and blotting 
are created in the handwriting when written on paper, and when 
the product is subjected to vibrations or impact, defects such as 
dripping of the ink or scattering of the ink often occur. When a 
water-soluble resin, for example, polyvinyl alcohol, cellulose 
derivative, dextrin, etc., is added in order to prevent said 
defects, the viscosity of the ink is increased and the property 
of smooth ink flow from the pen member of said writing device is 
hindered. When a surfactant is thus used as the primary agent 
for improving the wettability, a decrease in the surface tension 
is caused and various defects based on this are generated. Thus 
there is a limit to improving the wettability, and satisfactory 

performance has yet to be obtained. 

However, the areas to which water-based ink contributes with 

respect to plastic members is great, thus improving the 

wettability of water -based ink is a very important requirement as 

noted below. 

For example, as a writing device with an ink path 
manifesting a capillary function with a plastic material, a 
marking pen with a plastic pen member provided with capillary 
voids in a polyamide resin or a polyacetal resin, a water-based 
ink ball -point pen with a holder provided with a ball -holding 
part and ink guide voids connected to it as one body on the 
inside of a polyacetal resin, etc. can be cited. Said plastic 
pen member is not formed with mutually connected fine capillaries 
when compared with the fibrous pen body made of fibrous material 
bundled and resin finished, thus it is a pen member with a 
relatively weak capillary force so when the pen member is stored 
facing upward or when subject to impact, etc., there was a 



tendency to cause so-called "ink intake phenomenon" such as 
generating omission of ink by the ink dropping back in the 
direction of the ink-containing, member, or [there was the 
tendency of] being able to obtain only light handwriting. When 
the ball was placed facing upward in a water-based ink ball -point 
pen or when subjected to impact, etc., similar defects were 
generated. Also, exchange of the ink within the ink cartridge of 
a fountain pen made of polyethylene resin, etc., could not be 
executed smoothly and caused defects in the writing property. 
Furthermore, even when writing on a film for overhead projectors 
which uses a plastic sheet material as the writing surface, the 
wettability of the ink is important, but a satisfactory ink which 
provides clear writing without blotting and has a favorable 
writing property did not exist. 

The ink of the invention provides superior performance 
compared to conventional inks and can be used effectively in the 
fields noted above. 

Below, the ink of the invention will be explained in detail. 
Said invention is a water-based ink which includes 
0-cyclodextrin, coloring agent, and water as the necessary 
components. 

0-cyclodextrin is a cyclic oligosaccharide in which seven 
D-glycopyranose units are a-1,4 linked into a ring, and it was 
found to be most effective out of the various saccharides for 
achieving said invention. Addition of 0-cyclodextrin hardly 
causes an increase in the viscosity of the solution when compared 
to saccharides such as dextrin, etc. Moreover, it was found that 
by adding an aqueous solvent, the affinity for various plastic 
substrates, etc., namely the wettability, is improved noticeably, 



and [the ink] is effective for forming colored images without 
defects such as blotting with respect to paper and plastic film. 

Bestowing wettability to conventional water-based ink with a 
surfactant caused a decrease in the surface tension, but in the 
case of adding 0-cyclodextrin, defects such as blotting, etc., 
are not generated since the objective is achieved without varying 
the surface tension. In addition, there is the effect of 
realizing sharpness in the tone, particularly, in the fluorescent 
property. Even if the added quantity is increased, the increase 
in viscosity is minimal so it is possible to add it in quantity 
which sufficiently manifests said performance. 

It is effective to add the j8-cyclodextrin within a range of 
0.2-15 wt% to the ink blend. In particular, an add quantity of 
0.5-10 wt% is effective. When the added quantity is less than 
0.5 wt%, the effect is minimal. On the other hand, the effect 
increases as the added quantity is increased but when it exceeds 
10 wt%, there is a tendency for precipitation of 0-cyclodextrin 
to occur easily over time, so said range is preferable from the 
point of view of stability. 

As the coloring agent used, if it dissolves in the aqueous 
medium and manifests even dispersion, it is effective. 
Conventional acid dyes such as eosin GH (C.I. 45880)*, 
erythrosin (C.I. 45480), acid furoxin [transliteration] (C.I. 
45410), Acid Orange GX (C.I. 16280), Soluble Blue OBC (C.I. 
42755), Quinoline Yellow (C.I. 47005), Tartrazine (C.I. 19140), 



'[Editor's note. It is difficult to distinguish between the 
number 3 and the number 8 in the original document. Best estimates 
have been given.] 



Patent Blue (C.I. 42045), Nigrosine Black (C.I. 50420), Acid 
Blue-Black 10B (C.I. 20470), etc.; direct dyes such as Deep Black 
EX (C.I. 30235), Black G (C.I. 85255), Violet BB (C.I. 27905), 
Sky Blue 5B (C.I. 24400), phthalocyanine blue (C.I. 74180), etc.; 
basic dyes such as rhodamine (C.I. 45160), flavine (C.I. 49005), 
methyl violet (C.I. 42585), Victoria Blue (C.I. 42595), etc.; 
pigments such as carbon black, etc., various processed pigments, 
etc. , can be used. 

Said invention is characterized by the fact that 0- 
cyclodextrin is added to a water-based coloring solution which 
has coloring agent and water as necessary components, but it is 
possible to add a water-soluble organic solvent to said water- 
based coloring solution in order to suppress evaporation, for 
example ethylene glycol, diethylene glycol, triethylene glycol, 
propylene glycol, 1,8-butylene glycol, thiodiglycol , ethylene 
glycol monomethyl ether, ethylene glycol monethyl ether, ethylene 
glycol monobutyl ether, ethylene glycol monomethyl ether acetate, 
glycerin, 2 -pyrrol idone, N-methyl-2-pyrrolidone, sulfoian, 
dimethyl sulfoxide, triethanolamine, diethanolamine, 
monoethanolamine, etc. It is also possible to add a hydrotrope 
such as urea dimethyl sulfone, etc., for improving of dissolution 
stability of the dye, a mildewproof ing agent such as sodium 
acetate dihydrate, phenol, sodium benzoate, etc., a rustproof ing 
agent such as EDTA, etc. with the objective of preventing rusting 
of the metal parts of the writing device, a surfactant, etc., for 
making the ink flowing property from the pen member or other 
capillary material favorable. Also, it is possible to add a 
suitable amount of water-soluble resin for adjusting the 
viscosity or bestowing waterproofing property according to 
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necessity, such as casein, shellac, maleic acid resin, cellulose 
derivative, polyvinylpyrrolidone, polyvinyl alcohol, etc. 

Below, application examples of ink of the invention and ink 
of the comparative examples will be explained, then the 
performance will be compared. The parts in the blend examples 
all indicate parts by weight. 



Application Example 1 



Acid furoxin (C.I. 45410) 1.6 parts 

Sunset Yellow FCF (C.I. 15985) 2.0 parts 

Acid Brilliant Blue FCF (C.I. 42090 4.4 parts 

Propylene glycol 10. o parts 

Diethylene glycol 15.0 parts 

Phenol 0.2 part 
Dow Fax [transliteration] 2AI 
(anionic active agent made by 
Dow Chemicals U.S.A., 

dodecyl phenyl ether sodium sulfonate) 0.3 part 

j8-cyclodextrin 2.0 parts 

Water 64.5 par ts 



Said components were dissolved at standard temperature using 
an agitator, and a black ink for felt pens was obtained. 
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Comparative Example 1 

A black ink for felt pens was obtained by the same method 
Application Example 1, composed of components excluding the 
0-cyclodextrin in the blend of Application Example 1. 

Application Example 2 

Eosine GH 
Acid furoxin 

Paper Yellow GG (direct dye made by 
Bayer Co . , Germany, C.I. 
Direct Yellow 181) 

Glycerin 

Ethylene glycol 

Dow Fax 2AI 

Phenol 

/3-cyclodextrin 
Water 

Said components were dissolved at standard temperature using 
an agitator, and a red ink for felt pens was obtained. 

Comparative Example 2 

A red ink for felt pens was obtained by the same method as 
Application Example 2, composed of components excluding the 
0-cyclodextrin in the blend of Application Example 2. 



3.5 parts 
2.0 parts 

10.0 parts 
10.0 parts 
10.0 parts 
0.3 part 
0.4 part 
0.8 part 
63.0 parts 
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Application Example 3 



parts 
. 0 parts 
. 0 parts 
.3 part 



Acid Brilliant Blue FCF (C.I. 42090) 6.5 

Thiodiethylene glycol 10, 

Ethylene glycol 5 

Phenol 0 

Rabisol [transliteration] B-80 
(product of Nippon Oils and Fats, 
anionic surfactant, 80% aqueous 
sodium dioctylsulfosuccinate 

solution) q 

/?-cyclodextrin 3 

Water 74.9 parts 
Said components were dissolved at standard temperature using 
an agitator, and a blue ink for felt pens was obtained. 



.3 part 
.0 parts 



Comparative Example 3 



A blue ink for felt pens was obtained by the same method as 
Application Example 3, composed of the components excluding 
0-cyclodextrin in the blend of Application Example 3. 

Application Example 4 



Water Black #186 (C.I. 20470) 7 . 0 parts 

Glycerin 5 0 parts 

Thiodiethylene glycol 10 .o parts 

Sodium benzoate 0.5 part 

0-cyclodextrin 4-0 parts 

Water 73.5 parts 



Said components were dissolved at standard temperature using 
an agitator, and a black ink for water-based ink ball -point pens 
was obtained. 



Comparative Example 4 



A black ink for water-based ink ball -point pens was obtained 
by the same method as Application Example 4, composed of the 
components excluding 0-cyclodextrin in the blend of Application 
Example 4 . 

The inks of said Application Examples 1-4 and Comparative 
Examples 1-4 were subjected to the following tests and the 
performance was compared. 



(1) Writing device for the test 



As the "felt pen," a pen member composed by providing 
several capillaries with a width of 0.03-0.05 mm in the axial 
direction on the inside of polyacetal resin fixed to the tip of a 
cylinder, then the terminal connected to the ink-containing 
member of bundled fibers, was used, and as the "water-based ball- 
point pen," [a pen] formed of the ball-holding part surrounding a 
ball at the tip, the ink guide with several ink guide voids 
connected to the ball -holding part, and the guide core support 
hole for inserting the ink guide core which delivers the ink to 
said ink guide, as one body of polyacetal resin, and constituted 
so as to feed the ink of the ink-containing member placed at the 
back of the ball at the tip by inserting the ink guide core of 
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resin processed fibers into said guide core support hole was 
used. 



(2) Ink intake test 



The inks in Application Examples 1-4 and Comparative 
Examples 1-4 were filled respectively into the ink-containing 
member of said "felt pen" and "water-based ball-point pen," 50 
pieces each of samples having favorable ink flow right after the 
assembly were selected, a writing test was performed after 
storage for 10 days with the writing tip turned end up, and the 
number of writing defects due to ink intake was checked. 

The test results are shown in Table I below. 



Table I 



3 
<2> 



/ < > + 


* * > * 




) m m « i 







; it * « i 


0 


1 4 


m m m t 


0 


0 


it « m i 


1 1 . 


1 1 


* m « « 


0 


0 


'it * « 8 


1 4 


I 6 


* « * 4 


0 


0 


it n m 4 


1 6 


8 0 





Key: 1 Ink 

2 Application example 
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3 Comparative example 

4 Felt pen 

5 Water-based ball -point pen 

6 (Note) The numbers indicate the number of writing 
defects due to ink intake from the sample count of 50 
for each. 



Application Example 5 



Patent Blue (C.I. 42045) 0.4 part 

Quinoline Yellow (C.I. 47005) 0.3 part 

0-cyclodextrin 0.8 part 

Phenol 0.1 part 

Water 98 . 4 parts 

Said components were dissolved at standard temperature using 

an agitator, and a green ink for fountain pens (surface tension 
48.7 dyne/cm 20°C) was obtained. 

Comparative Example 5 



An ink (surface tension 51.8 dyne/cm 20°C) was obtained by 
the same method as Application Example 5, composed of components 
excluding 0-cyclodextrin in the blend of Application Example 5. 



Application Example 6 



Tartrazine (C.I. 19140) 
Quinoline Yellow 
0 - cyclodext rin 



1 . 5 part 
1 . 0 part 
2 . 0 parts 



Ethylene glycol 
Water 
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0.5 part 
95.0 parts 



Said components were dissolved at standard temperature using 
an agitator, and a yellow ink for fountain pens (surface tension 
53.5 dyne/cm 20°C) was obtained. 

Comparative Example 6 

An ink (surface tension 53.5 dyne/cm 20°C) was obtained by 
the same method as Application Example 6, composed of components 
excluding 0-cyclodextrin from the blend for Application Example 
6. 

The following tests were performed on the inks in said 
Application Examples 5 and 6 and Comparative Examples 5 and 6, 
and the performance [of the inks] was compared. 

(1) Testing items and method 

1. Ink changeability within the ink cartridge 

After filling the ink inside an ink cartridge made of 
polyethylene resin at M the capacity of said cartridge, the top 
end part was plugged, and after storage for 24 h as is in the 
vertical state, it was inverted to check the state of change of 
the ink. 
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2. Ink drip resistance 

Immediately after storage a fountain pen loaded with an ink 
cartridge made of polyethylene resin filled with the respective 
ink [samples] for 1 h at 0°C in the horizontal state, they were 
stored in the vertical state for 2 h at 50°C / and the presence of 
ink that dripped into the cap was checked. 

3. Ink scattering 

A fountain pen loaded with an ink cartridge made of 
polyethylene resin filled with the respective ink [samples] was 
dropped on the floor from a height of 80 cm with the pen member 
facing upward, and the soiled state within the cap due to 
scattering of the ink was observed. 

4. Blotting of the handwriting 

Characters are written on a commercial report paper and the 
blotting state of the writing is observed. 

The test results are shown in Table II below. 
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Table II 
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Ink 

Application Example 
Comparative Example 
Application Example 6 
Comparative Example 5 
Changeability of the ink 
Ink drip resistance 
Scattering of ink 
Blotting of writing 

O: Very good, A: good, x: defective. Ink of 
Comparatxve Example 6 does not undergo changing of the 
ink so the writing was defective. 

Application Example 7 
Tartrazine 

Violet BB (C.I. 27905) 
Patent Blue 

Nigrosine Black (C.I. 50420) 
Diethylene glycol 
0 - cyclodext r in 

Scoralole [transliteration] 900 
Water 



Key; 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 



1.5 parts 
2.0 parts 
2.0 parts 
4.0 parts 
10.0 parts 
4 . 0 parts 
0.3 part 
76.2 parts 



Said components were heated and dissolved at 60-80°C for 
1.5 h using an agitator, and a black ink (viscosity 
3.2 cP, 20 °C) for overhead projectors (OHP) was obtained. 



Comparative Example 7 

An ink (viscosity 3 . 0 cP 20 °C) was obtained by the same 
method as Application Example 7, composed of components excluding 
the 0-cylodextrin in the blend of Application Example 7. 

The writing performance of the inks in said Application 
Example 7 and Comparative Example 7 on various plastic film 
surfaces were checked by filling the ink in a marker for OHP 
provided with a pen member composed of resin finished polyester 
fiber. The results are shown in Table III. 



Table III 




ft * 4 © 



Key: 1 



Ink 

Application Example 7 
Comparative Example 7 
Acetate film 
Vinyl chloride film 



2 
3 
4 
5 
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6 Polyester film 

7 Polypropylene film 

8 Evaluation reference 

o Indicates a smooth ink flowing property on the writing 
surface and provided writing of thick concentration 
without blotting (@ is very favorable) . 
A That in which the writing is difficult to decipher 
x That in which deciphering the writing is impossible due 
to blotting of the writing 

Application Example 8 

Eosine GH 
Quinoline Yellow 
/J-cyclodextrin 
Ethylene glycol 

Noygen P (product of Daiichi Koggyo 
Seikyaku K.K., nonionic surfactant 
Water 

Said components were dissolved for 2 h with an agitator by 
heating to 60-80°C and an orange ink (viscosity 3.8 cP, 20°C) wa 
obtained. 

Comparative Example 8 

An ink (viscosity 5.2 cP, 20°C) was obtained by the same 
method as Application Example 8 by substituting the 0- 
cyclodextrin in the blend of Application Example 8 with the same 
amount of yellow dextrin. 



0.5 part 
4.0 parts 
5.0 parts 
20.0 parts 

0.3 part 
70.2 parts 
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When the inks in said Application Example 8 and Comparative 
Example 8 were filled in a felt pen composed by loading an ink- 
containing member provided with a pen member (percentage of voids 
about 35%) with resin finished polyester fiber and composed of 
fibrous material connected to said pen, member and writing was 
performed. The ink of Application Example 8 indicated smooth ink 
tracking property compared to the ink of the comparative example 
and at the same time, fluorescent writing of sharp orange color 
was obtained. As noted above, in addition to /3-cyclodextrin 
functioning without causing an increase in viscosity, effective 
results were manifested in realizing the fluorescent property. 

The ink of said invention has superior affinity with respect 
to plastic materials, has a high degree of wettability, can 
eliminate defects due to a lack of wettability of the water-based 
ink to various materials, and contributes to providing sharp 
colored images without generating defects such as blotting, etc., 
with respect to plastic film and paper, as evident from said test 
results . 

Moreover, said effects are manifested at a relatively low 
viscosity range without an accompanying increase in the viscosity 
of the ink so it is particularly effective in fields which 
utilize the capillary function. 

Application examples for ink in writing devices are noted 
but needless to say it can be applied in fields such as stamp 
ink, printing ink, etc., by blending water-soluble resin, etc., 
in order to improve the waterproofing property and to bestow 
suitable viscosity according to necessity. 



